Acquisition of anergy to proinflammatory cytokines in nonimmune cells through endoplasmic reticulum stress response: a mechanism for subsidence of inflammation.
Acute endoplasmic reticulum (ER) stress causes induction of inflammatory molecules via activation of NF-kappaB. However, we found that, under ER stress conditions, renal mesangial cells acquire anergy to proinflammatory stimuli. Priming of the cells with ER stress inducers (tunicamycin, thapsigargin, A23187, and AB5 subtilase cytotoxin) caused blunted induction of MCP-1 in response to TNF-alpha, IL-1beta, macrophage-derived factors, or bystander macrophages. The magnitude of suppression was closely correlated with the level of GRP78, an endogenous indicator of ER stress. The suppression of MCP-1 under ER stress conditions was reversible and observed in general regardless of cell types or triggers of ER stress. The decrease in the level of MCP-1 mRNA was ascribed to transcriptional suppression via unexpected inhibition of NF-kappaB, but not to accelerated mRNA degradation. Subsequent experiments revealed that TNFR-associated factor 2, an essential component for TNF-alpha signaling, was down-regulated by ER stress. We also found that, under ER stress conditions, expression of NF-kappaB suppressor A20 was induced. Overexpression of A20 resulted in suppression of cytokine-triggered NF-kappaB activation and knockdown of A20 by RNA interference significantly attenuated induction of anergy by ER stress. In contrast, other ER stress-inducible/-related molecules that may suppress NF-kappaB (e.g., GRP78, NO, reactive oxygen species, and IkappaB) were not involved in the inhibitory effects of ER stress. These results elucidated ER stress-dependent mechanisms by which nonimmune cells acquire anergy to inflammatory stimuli under pathological situations. This self-defense machinery may play a role in halting progression of acute inflammation and in its spontaneous subsidence.